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Zebrafish Retinotectal PathwayA recent study has shown that the zebrafish tectum processes inputs from the
retina tuned to ethologically relevant size classes, suggesting a role for the
tectum in selecting approach or avoidance behaviours based on size-based
categorization of visual targets.Fatima Abbas and Martin P. Meyer
In what has become a classic paper
in sensory neuroscience, ‘‘What the
frog’s eye tells the frog’s brain’’,
Jerome Lettvin [1] noted that: ‘‘The frog
does not seem to see or, at any rate,
is not concerned with the detail of
stationary parts of the world around
him. He will starve to death surrounded
by food if it is not moving. His choice
of food is determined only by size and
movement’’. Inspired by the behaviour
of the frog, Lettvin studied how
complex visual features, such as
object size, were represented in the
output neurons of the retina — the
retinal ganglion cells. He found that
some retinal ganglion cells, the so
called ‘bug-detectors’, responded
particularly strongly to small dark spots
moving within the frog’s field of view. A
powerful concept to emerge from such
studies was that of ‘feature-detection’,
according to which the visual system
filters natural scenes to extract only
the information that is most relevant
to behaviour: for example, the
bug-detecting retinal ganglion cells
would encode information about small
moving objects and that these neurons
trigger circuits in the brain involved in
prey capture. The bug-detectors have
since been joined by other classes of
retinal ganglion cell, each responding
best to a specific pattern of light and
dark in the visual environment such
as motion in a particular direction or
looming stimuli [2,3].
A challenge that still faces visual
neuroscientists today is to describe thefull repertoire of features encoded by
the population of retinal ganglion cells,
and to map where in the brain these
different signals are sent in order to
drive behaviour. A study in zebrafish
by Preuss et al. [4], reported recently
in Current Biology, goes some way
to meeting this challenge. For larval
zebrafish, as with the frog, moving
visual stimuli are particularly potent
triggers of behaviour. In response
to small moving objects such as a
paramecium, the prey of larval
zebrafish, larvae will make small
amplitude turns toward the object.
Larger, predator-like objects, on the
other hand, will elicit high-amplitude
aversive turns [5,6]. Such behaviours
can also be triggered by small or large
squares, for example, suggesting that
classification of object size alone
(as opposed to colour or shape, and so
on) is sufficient for rapid perceptual
decision making. Motivated by these
findings, Preuss et al. [4] sought to
identify where in the visual pathway of
zebrafish classification of object size
arose.
Preuss et al. [4] focussed on the
optic tectum, which is analogous to
the mammalian superior colliculus
and has an established role in
visually-driven orienting behaviours,
such as prey capture or predator
avoidance [7,8]. The authors began by
asking whether the tectum has access
to retinally-derived information about
object size. They presented moving
rectangles of varying size to transgenic
zebrafish expressing a genetically
encoded fluorescent calcium sensor,GCaMP6m, in retinal ganglion cells.
Using multiphoton imaging, they found
size-selective calcium transients in
retinal ganglion cell axons targeting the
tectum. Intriguingly, they found a
graded distribution of response types
across the tectal layers— responses
selective for small objects
predominated in the most superficial
layer (stratum opticum), while
large-size-selective responses were
found in the deeper layers of stratum
fibrosum et griseum superficiale
(Figure 1). Preuss et al. [4] provide the
first evidence that, in larval zebrafish,
size classification begins in the retina.
Furthermore, their findings, and
those of previous studies showing a
laminar organisation of direction- and
orientation-selective inputs from the
retina, suggest that different layers
in the tectum may be dedicated
to processing specific visual
features [9–11].
How do the postsynaptic tectal
neurons sample size-selective inputs
from the retina? In zebrafish, the cell
bodies of tectal neurons are divided
into two zones: the periventricular
neurons, which constitute the majority
of tectal neurons, and a layer of
superficial GABAergic interneurons,
the cell bodies of which are located at
the dorso-lateral surface of the tectum,
andwhich extend broadmonostratified
arbours into the retinorecipient
layers. Because of their location, the
superficial interneurons are likely to
get direct synaptic input from retinal
ganglion cells. By elegantly combining
electrophysiological recordings,
calcium imaging, dye-filling of patched
superficial interneurons, and
transgenic labelling of retinal ganglion
cell axons, Preuss et al. [4] were able
to correlate the functional properties
of superficial interneurons with the
laminar depth of their arbours in the
retinorecipient layers. Superficial
interneurons that projected to stratum
fibrosum et griseum superficiale
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Figure 1. Size-selective circuits in the zebrafish optic tectum.
Circuits dedicated to processing large and small visual stimuli are colour-coded green and
magenta, respectively. Retinal ganglion cell axons selective for small (prey-sized) and large
visual stimuli target the stratum opticum (SO) and stratum fibrosum et griseum superficiale
(SFGS) layers of the tectum, respectively. Superficial interneurons (SIN) selectively sample
retinal ganglion cell inputs: superficial interneurons tuned to small objects project arbours
to stratum opticum, while superficial interneurons tuned to large objects project to stratum
fibrosum et griseum superficiale. The postsynaptic targets of superficial interneurons are
unknown. Size tuning is also evident in periventricular neurons. The presynaptic and
postsynaptic targets of the size-tuned periventricular neurons are unknown but these may
feed into locomotor circuits that drive approach or avoidance behaviours.
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R1049received tonic excitatory synaptic
inputs that persisted during
presentation of a small stimulus, but
these were suppressed during
presentation of a large stimulus. A
strong phasic increase in excitatory
drive often accompanied the offset of
a large stimulus. In other words, unless
a large object entered the larva’s field
of view, these superficial interneurons
may provide tonic inhibitory input to
the tectum. In contrast, superficial
interneurons with arbours located
within stratum opticum received
excitatory inputs and generated
somatic calcium transients that were
selectively evoked by small stimuli.
These neurons also exhibited relatively
low excitatory tonic input currents.
These superficial interneurons would
therefore only provide inhibitory input
to the tectum when a small object such
as prey came into view.
Thus, superficial interneurons
process small- and large-size-selective
signals depending on their dendritic
target layer, consistent with the
functional organisation of retinal
ganglion cell inputs (Figure 1). If the
tectum plays a role in driving approach
or avoidance behaviours using
sized-based categorisation of visual
targets then one would expect that size
tuning is present in the periventricular
neurons since this population includes
tectal output neurons which target
premotor areas in the larval brain
[12]. Using calcium imaging of the
periventricular neuron population,
Preuss et al. [4] revealed size-tuned
periventricular neurons that were
selective for a range of stimulus
sizes, consistent with a role for the
tectum in sized-based response
selection (Figure 1).
Preuss et al. [4] provide new and
fascinating information about the
organisation and functional properties
of size-selective circuits, allowing them
to speculate as to how these circuits
drive behaviour. The morphology of
superficial interneurons suggests that
they could provide lateral inhibition
to neighbouring tectal regions that
receive input from other areas of visual
space. In the stratum opticum layer,
which is selective for prey-sized
objects, this may sharpen information
about prey location. If multiple objects
are present in the visual field this may
trigger competitive interactions that
take place in a winner-takes-all fashion,
consistent with a role for the tectum
in competitive stimulus selection [13].Both scenarios would be crucial
for successful prey capture.
By providing reciprocal inhibition
between two tectal networks which
process small and large objects,
superficial interneurons may switch
the tectum between two states — one
that drives approach and the other
which drives avoidance. The tonic
excitatory input to superficial
interneurons targeting stratum
fibrosum et griseum superficiale is
intriguing and implies sustained
inhibition of the network dedicated to
detecting large objects, i.e. the default
state of tectal circuits is one that
favours prey detection. The recent
finding that superficial interneurons are
also direction-selective suggests that
the inhibition provided by superficial
interneurons could be precisely
tailored to both the size of an object
and its direction of travel [14].
Given Lettvin’s demonstration of
size-selective retinal ganglion cells
in the frog retina, it is perhaps not
surprising that they also exist in
zebrafish. Indeed size-selective
retinal ganglion cells are also knownto target the mammalian superior
colliculus, suggesting that it may be a
common feature in vertebrates [15–17].
A previous study [18], however,
suggested that size-selective retinal
ganglion cells were absent in zebrafish,
and that size selectivity was an
emergent property of tectal circuits.
The work of Preuss et al. [4]
demonstrates a retinal origin for
size classification and furthermore
contributes to a growing body of
evidence suggesting that, in tectum
and superior colliculus, retinal
ganglion cell axons segregate
according to the type of information
that they encode [19,20].
Thanks to the work of Preuss et al.
[4] we now know that superficial
interneurons can be quite selective in
the way that they sample these inputs.
However, we know very little about
how other specific classes of tectal/
collicular neuron connect with retinal
ganglion cells, with one another and
with extra tectal/collicular targets
(Figure 1). Viral tracing techniques
and electron microscopic-level wiring
diagrams will, in the long-term, provide
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R1050answers to these sorts of questions
and, in so doing, identify the neural
pathways that link sensory perception
to behaviour.References
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Excitable SystemIn a tractable model for cell invasion, the Caenorhabditis elegans anchor cell
migrates through basement membranes towards a polarity cue provided by
netrin. A new study reveals that the anchor cell polarity network can break
symmetry and oscillate in the absence of netrin, suggesting the presence of
interlinked positive and negative feedback loops, which are common in polarity
pathways.Allison W. McClure
and Daniel J. Lew*
Establishment of cell polarity and
guidance of cell growth or movement
are critical processes for proper
development of a multicellular
organism. However, because of the
difficulty in detecting and manipulating
such processes in vivo, most studies
on polarity mechanisms have focused
on single-cell systems. A new study by
Wang et al. [1] published in the Journal
of Cell Biology exploits the transparent
nematode worm Caenorhabditis
elegans to demonstrate that polarity
control principles recently discovered
in single-cell systems also act in a
multicellular context.In order to initiate uterine–vulval
attachment, the C. elegans anchor cell
polarizes toward a netrin spatial cue
and invades through the basement
membranes separating the uterine and
vulval tissues (Figure 1Ai) [2]. Netrin, a
laminin-related protein, is secreted by
the ventral nerve cord and is sensed
by the anchor cell through the netrin
receptor UNC-40 (the ortholog of the
vertebrate deleted in colorectal cancer
receptor, DCC). In addition to anchor
cell invasion, netrin directs several
other polarization events in C. elegans,
including dendritic and axon outgrowth
[3,4], synaptogenesis [5], and distal tip
cell migration [6].
Cells that orient towards specific
cues generally develop a stable polarityaxis with a clear ‘front’. But what
happens when the spatial cue is
removed? Wang et al. [1] found that, in
the absence of netrin, UNC-40 and its
effectors cluster at a random site in
the anchor cell. Using high-resolution
time-lapse microscopy, the authors
found that these polarity clusters
were dynamic: they disassembled
and then reassembled at a new site in
an oscillatory manner (Figure 1Aii).
Clusteringat randomsites is suggestive
of the existence of positive feedback,
such that small asymmetries in polarity
protein concentration are amplified
to promote clustering. Subsequent
cluster disassembly is suggestive of
delayed negative feedback, which
counteracts positive feedback.
The presence of interlinked positive
and negative feedback loops has
been inferred from similar oscillatory
or excitable behavior in other systems.
In appropriate environments, cells
of the social amoeba Dictyostelium
discoideum aggregate to form fruiting
bodies. The cells migrate towards
each other following gradients of the
chemoattractant cyclic AMP (cAMP)
and such cells stably concentrate
the polarity regulators Ras-GTP and
